In the era of antiretroviral therapy, people with HIV are living longer and the treatment of associated medical and oral manifestations of the disease has shifted to a chronic disease model. 1 Previous studies have shown that a person living with HIV/AIDS is more likely than a person without the disease to experience oral health problems. 2---5 Furthermore, the oral health problems of individuals with HIV can be more severe and difficult to treat than those of the general population and may also contribute to the onset of opportunistic infections. 5 The oral health complications associated with HIV are well documented, 2---6 and oral manifestations are increasingly being recognized as markers for monitoring treatment efficacy and predicting treatment failure. 7 Oral manifestations, including Kaposi's sarcoma, necrotizing ulcerative periodontitis, oral hairy leukoplakia, and candidiasis, may be present in up to 50% of people with HIV and 80% of people diagnosed with AIDS, 5, 6 and may predict low CD4 counts. 8 In addition, individuals living with HIV/AIDS may experience difficulty in maintaining adequate salivary flow, which affects chewing, swallowing, and the ability to take medication. 4 Chronic use of highly active antiretroviral therapy can also contribute to diminished salivary flow as well as an increased risk of oral candidiasis and oral hairy leukoplakia. 9 Throughout the 1990s, a series of study findings highlighted the unmet needs for dental care among people with HIV infection. 10---14 This gap in oral health care services was corroborated by findings from the oral health component of the HIV Cost and Services Utilization Study, 15 which demonstrated that unmet dental needs were twice as common as unmet medical needs among HIV-positive adults 16, 17 and led to a national call to action to improve access to oral health care. 18 That study also showed that approximately half of people living with HIV had dental insurance, and those without dental insurance had greater unmet needs for dental services. 17, 19, 20 Recently published findings suggest that an unmet need still persists. One example is an initiative, funded by the Health Resources and Services Administration, that included 2469 people living with HIV who had not received dental care during the preceding year. Nearly half of these individuals (48%) reported an unmet dental need since their HIV diagnosis, 52% had not seen a dentist in more than 2 years, and 63% rated the health of their teeth and gums as fair or poor. 21, 22 An earlier investigation involving baseline data from the study presented here showed that oral health problems and symptoms were very prevalent among our study population, with 63% of participants having experienced an oral health impact very often or fairly often in the preceding 4 weeks. 23 Barriers to dental care use among individuals living with HIV include fear of dental care, HIV-specific stigma, fear of disclosing their HIV status to health care providers, perceived cost barriers, and poor adherence to medical guidance. 20,22,24---31 Compounding patient access barriers, dental care providers may be reluctant to treat patients with HIV owing to fears of HIV transmission and associated stigma. 32---36 Previous research conducted in Florida revealed that more than one third of people with HIV do not discuss oral health with their primary care providers. 37 Although clinical guidelines recommend that HIV care providers examine the oral cavity during initial and interim physical examinations of people living with HIV, this still may not be a regular clinical practice. 37 To address underuse of oral health care services among individuals with HIV, we evaluated the efficacy of an intervention that linked individuals to dental care. The sample comprised a population of HIV-positive individuals in south Florida who had received HIV primary care but had not received oral health services in the preceding 12 months.
METHODS
The goal of this study, Project SMILE, was to evaluate the efficacy of a brief, client-centered Objectives. Although people with HIV experience significant oral health problems, many consistently identify oral health as an unmet health care need. We conducted a randomized controlled trial to evaluate the impact of a dental case management intervention on dental care use.
Methods. We evaluated the intervention according to self-reported dental care use at 6-, 12-, and 18-month follow-ups. Multivariable logistic models with generalized estimating equations were used to assess the effects of the intervention over time.
Results. The odds of having a dental care visit were about twice as high in the intervention group as in the standard care group at 6 months (adjusted odds ratio [OR] = 2.52; 95% confidence interval [CI] = 1.58, 4.08) and 12 months (adjusted OR = 1.98; 95% CI = 1.17, 3.35), but the odds were comparable in the 2 groups by 18 months (adjusted OR = 1.07; 95% CI = 0.62, 1.86). Factors significantly associated with having a dental care visit included frequent physician visits and dental care referrals.
Conclusions. We demonstrated that a dental case management intervention targeting people with HIV was efficacious but not sustainable over time. Barriers not addressed in the intervention must be considered to sustain its use over time. (Am J Public Health. 2015;105:77-84. doi:10.2105/AJPH.2014.301871) dental case management intervention designed to increase access to and use of oral health services among low-income individuals with HIV. The intervention was based on the antiretroviral treatment and access to services (ARTAS) model, an effective individual-level, multisession, time-limited intervention designed to link HIV-positive individuals to medical care. 38, 39 The core components of ARTAS include strengths-based case management and the development of a barrier reduction plan. The study sample in this 2-arm randomized clinical trial included 600 participants who had not received oral health services during the 12 months prior to their enrollment. Participants were enrolled and randomized between April 2005 and December 2007. Face-to-face interviews were conducted by the 2 designated field interviewers and the project director at baseline and at 6, 12, and 18 months after baseline; interviews focused on use of dental services in the preceding 6 months and predisposing, enabling, and need-related potential factors associated with dental care use. 40, 41 A small monetary incentive was offered for completion of the baseline interview ($20) and follow-up interviews and assessments ($25 at 6 months, $30 at 12 months, and $35 at 18 months).
Screening and Enrollment
Potential study participants were approached, screened, and enrolled from 5 HIV primary care clinics in 2 south Florida counties; 2 of the clinics had on-site dental facilities. For the purposes of our analyses, the 2 participating sites in one of the counties (both without on-site dental services) were combined because of the small sample size at one of the sites. To be included in the study, individuals were required to be HIV positive (documented through self-reports and validated with printed reports of most recent test results), to not have received oral health services during the preceding 12 months, to be 18 years of age or older, to currently be receiving HIV primary care, to be eligible for Ryan White grant program funding for dental services (this national program, based on financial eligibility, funds HIV-related services for those without access to care), to have plans to remain in south Florida for at least 24 months so that they could complete follow-up visits, and to be able to provide contact information for 2 individuals to assist with follow-up (in cases in which participants could not be located).
Flyers and active or passive referrals from clinic staff members were used in recruiting participants. Interested patients were referred to a research staff member who further described the study and obtained informed consent.
Intervention Groups
A gender-and site-stratified blocked randomization scheme generated via a computerized algorithm was used to randomize participants to study groups. Although randomization was not blinded, recruiters were not aware of group allocations until after participants had completed the baseline assessment. Information on group assignments was provided to the recruiters in sealed envelopes. Participants randomized to the standard care arm received care consistent with that provided to HIVpositive individuals who attended any of the study clinics and accessed services typically made available. Study participants randomized to receive the intervention were linked with a dental case manager trained to deliver the intervention model.
Participants randomized to the intervention arm received up to 3 sessions with the dental case manager. The goal of these sessions was to have the participant visit a dentist. The sessions focused on educating participants about the importance of oral health care and motivating them to seek care; identifying individual and structural barriers to obtaining dental care; identifying individual strengths, abilities, and skills that individuals can adapt to overcome such barriers; addressing structural barriers such as filling out paperwork to qualify for insurance; obtaining necessary documentation; making dental care appointments; arranging transportation to appointments; and linking participants to community case management services.
The number of sessions conducted with each participant was tailored to his or her readiness to visit a dentist as well as the number of perceived barriers identified. Sessions were conducted between baseline enrollment and 3 months postbaseline in any setting that was convenient for participants, such as in their home, in a local restaurant, in the study vehicle, or at the University of Miami. This 90-day period fit with the possibility of HIV-positive individuals having to wait 3 months for a dental care appointment. In some instances, the first intervention session occurred as early as directly after randomization and completion of the baseline appointment.
Primary Outcome
The primary outcome evaluated in the trial, self-reported use of dental care, was based on responses to the question "Have you visited a dentist in the last 6 months?" This question was asked at the 6-, 12-, and 18-month followups. We used Andersen's model of health service use to guide the selection of independent variables. 40, 41 This model suggests that individuals' use of health services is a function of 3 components: predisposing factors, enabling factors, and need factors.
Study Variables
Predisposing characteristics included sociodemographic variables, oral health knowledge and attitudes, and general self-efficacy. Oral health knowledge was assessed by asking whether participants believed that they were more informed about how HIV infection affects oral health than other HIV-positive people (yes or no). Attitudes were assessed according to the extent to which the participant agreed with 3 statements concerning the importance of oral health for HIV-positive individuals. Finally, the 10-item General Self-Efficacy Scale was used to assess self-efficacy (e.g., "I can always manage to solve difficult problems if I try hard enough"); the 4-point response scale was dichotomized (exactly true vs less than exactly true). 42 Enabling characteristics included variables related to dental and health care as well as social support, including whether a participant had received a referral to a dentist from any health care provider. General satisfaction with dental care was based on 5 items scored on a 4-point scale (strongly disagree to strongly agree); a mean score was computed. We used the Multidimensional Scale of Perceived Social Support to assess social support. 43 An average score was computed, and the final score (ranging from 1 to 7) was dichotomized to denote a score of 6 or above (corresponding to strongly or very strongly agreeing that social support was available) versus a score below 6. Enabling characteristics also included variables related to participants' socioeconomic status: annual household income and whether they had stable housing in the preceding 3 months. Unstable housing locations included someone else's home, temporary housing (e.g., boarding house or shelter), prisons, and health care facilities. Finally, need characteristics related to participants' oral health as well as general health needs. The 49-item Oral Health Impact Profile 44 was used to measure self-reported dysfunction, discomfort, and disability related to oral health. We asked how often in the preceding 4 weeks the respondent had experienced the oral health impact (defined as a dental symptom or problem) described in each of the items. We created a pair of binary summary measures from the scale's 49 items, the first denoting that at least 1 impact occurred fairly often or very often and the second denoting that at least 1 impact occurred very often. We assessed oral health status according to whether participants had lost any permanent teeth as a result of decay or gum disease. Participants were also asked to rate their overall general and oral health on a 5-point scale (ranging from poor to excellent).
Data Analysis
In the preliminary statistical analysis, we examined bivariate associations between each independent variable and use of dental care in the preceding 6 months; in a logistic regression, we used the v 2 test to assess categorical variables and unadjusted odds ratio (OR) estimates to assess continuous predictors. Logistic models with generalized estimating equations and an autoregressive working correlation structure provided robust estimates of the variance in model parameters and accommodated correlations among repeated outcome measures. A stepwise multivariable analysis of the association between the dental case management intervention and use of dental care included an interaction term between intervention and time to allow assessment of potential differences in the intervention's effects over time. In addition, site was included as a fixed effect so that sites with and without dental care services available could be compared. With the few number of sites and the many participants at each site, we were able to reliably estimate the impact of site as a fixed effect. 45, 46 We used a stepwise approach to assess all other potentially confounding factors. The factors initially considered were those having bivariate associations with dental care use at the 0.20 alpha level; factors were removed 1 at a time, beginning with those that had the highest P values, until only factors with P values of less than .05 remained. Throughout the process, however, we retained a set of specified variables regardless of their P values (age, gender, race/ethnicity, education, and recruitment site). At each step, the model was examined with respect to its goodness of fit, and covariates were assessed for any changes that might indicate confounding as a result of removed variables. There were no issues with collinearity among the predictor variables. We evaluated main effects and their corresponding interaction terms to determine whether there were any differences between the groups in the effects of the factors examined.
In addition, we conducted a sensitivity analysis to examine any potential bias caused by missing observations. We performed the generalized estimating equations analysis under 2 extreme scenarios in which missing outcomes were either replaced with a 0 (no dental care use) or a 1 (dental care use). We then assessed changes from the original analysis in estimates of treatment effects at the follow-up time points.
RESULTS
Study staff assessed 1593 individuals to determine whether they were eligible for the study. The CONSORT flow diagram in Figure 1 Continued summarizes the study operations from initial enrollment to final follow-up assessment. Of those screened, 600 were randomized into the study and 993 were excluded as a result of not meeting the eligibility criteria, mostly because they had received dental care in the preceding year (n = 939). All 298 participants randomized to the intervention arm received services, with the exception of 5 participants who did not receive the intervention for the reasons documented in Figure 1 . Cross-sectional follow-up rates at 6, 12, and 18 months were 69%, 70%, and 67%, respectively. However, a notable number of participants who failed to follow-up at different visits throughout the 18-month study period were present for some of their study visits (the lost to follow-up data in Figure 1 indicate the numbers of participants who did not complete any subsequent visits and were lost to follow-up permanently). Participants who completed at least 1 of the 3 follow-up sessions were included in the outcome analysis (of note, only 3.5% of the sample was lost to follow-up after the baseline assessment).
There were no baseline differences in demographic characteristics or other study variables between participants in the intervention and standard care groups (Table 1) . Overall, the majority of participants were male (70.9%), 35 to 54 years old (75.4%; median age = 44 years), and non-Hispanic Black (56.9%). Although 72.4% of the participants reported having a stable living environment, almost half (49.6%) reported an annual income of $5000 or less.
Levels of self-reported oral health knowledge and perceptions of the importance of oral health for HIV-positive individuals were high overall: 73.7% of the participants believed that they were better informed regarding the dental implications of HIV infection than other HIVpositive individuals, and a majority (60.4%) emphasized the importance of oral health for those with HIV. When asked when their most recent dental visit had occurred, similar percentages of participants reported 1 to 2 years ago (34.4%) and 2 to 5 years ago (35.1%); 28.3% of the participants had not seen a dentist in more than 5 years, and only 2.2% had never seen one in their lifetime.
The presence of comorbidities was evident, with the majority of participants reporting that they had experienced at least 1 dental symptom or problem fairly often or very often (62.6%) and that they had experienced at least 1 general health problem (71%). Few had been referred to a dentist by a medical provider (23.5%), even though at baseline a majority reported having received medical care at least twice in the preceding year (97%). Fewer than half of the respondents (46.4%) claimed that they had a strong social support system, and only 36.5% had high perceived general self-efficacy.
Rates of dental care use in the preceding 6 months were significantly higher in the intervention group than in the control group at the 6-and 12-month follow-up intervals (Figure 2 ) . However, the difference in dental care use between the 2 groups was smaller at 12 months than at 6 months. Overall, the rate of dental care use in the intervention group declined over time, whereas the rate in the control group remained relatively constant. By the final (18-month) follow-up, the intervention and control groups did not exhibit any appreciable differences in use of dental care.
Results from the multivariable analysis indicate that, after control for other factors, the odds of having visited a dentist were more than twice as great in the intervention group than in the control group at 6 months (adjusted OR = 2.52; 95% confidence interval [CI] = 1.56, 4.08; P < .001; Table 2 ). At 12 months, the intervention group's odds of having visited a dentist remained nearly twice those of the control group (adjusted OR = 1.98; 95% CI = 1.17, 3.35; P = .011). By 18 months, the odds of having visited a dentist were comparable between the 2 groups.
Additional factors remained as predictors in the multivariable logistic regression analysis (Table 2) . Participants who reported that they had visited their HIV primary care physician at least twice in the preceding 6 months were twice as likely as those who had not done so to have visited a dentist in the preceding 6 months (adjusted OR = 2.12; 95% CI = 1.40, 3.24; P < .001). Participants who had received a referral for dental care from either their HIV care provider or any other care provider in the preceding 6 months were more likely than those who did not receive a referral to visit a dentist (adjusted OR = 6.80; 95% CI = 4.98, 9.30; P < .001). Other factors positively and significantly associated with visiting a dentist were participants' belief that oral health is important for those with HIV and their belief that they were better informed than other HIV-positive individuals regarding oral health, as well as higher levels of satisfaction with dental care and high general self-efficacy (Table 2 ). There was no interaction between treatment group and on-site dental services, indicating that the effect of the intervention was not dependent on whether sites had dental services available.
Under both extreme scenarios considered in the sensitivity analysis, the findings remained unchanged from the reported results. The estimates of the models fit to data with imputed outcomes representing extreme scenarios each indicated that the odds of receiving care at 6 and 12 months were significantly higher in the treatment group than in the standard care group, consistent with the findings from the data that were not imputed.
DISCUSSION
In April 2011, the Institute of Medicine issued a report, Advancing Oral Health in America, indicating that the most vulnerable populations in the United States continue to have difficulty in obtaining oral health care.
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One such vulnerable group is people living with HIV. Previous work has shown an association between case management services and use of oral health care among individuals living with HIV 48---50 ; however, to our knowledge, our study is the first randomized controlled trial of an intervention addressing engagement in oral health care among HIV-positive individuals with low incomes. Our findings are both encouraging and concerning. On the positive side, we demonstrated that a brief dental case management intervention based on the ARTAS model is efficacious in linking people with HIV to oral health care at 6 and 12 months after study randomization. It is promising that the ARTAS intervention can be adapted to focus on oral health care use among people living with HIV, and it might also be considered for linkage to other health care services.
Our results show that the effect of the intervention declined from 6 to 12 months and that it was not effective at 18 months after randomization. An issue of concern is that although participants in the intervention group increased their use of dental care, the overall percentage of intervention group participants who visited a dentist was low. This is surprising given that the participants should not have had concerns about dental care costs because they received services through the Ryan White grant program. This finding suggests that there are other barriers that may not have been addressed through this dental case management approach, such as fear of or anxiety regarding dental care, as well as other structural or cultural issues that may be related to the accessibility and acceptability of dental care. 20,22,24---31 In addition, this diminishing effect of the intervention indicates that dental case management may need to be carried out on a periodic basis, not only after initial linkage to care, if it is to be effective.
We found that few of our participants had been encouraged by their HIV provider to seek dental care, which is also consistent with previous research. 37 Yet, it is important to note that participants whose HIV primary care clinics or providers had given them referrals for dental treatment were more likely to have used dental care at the follow-up assessments.
Although it has been found that the availability of on-site dental care in HIV care settings is associated with increased use of dental care, this was not the case in our study. 28 Therefore, it is plausibly more imperative that HIV care providers be educated about the importance of dental health and providing active referrals as opposed to facilitating the provision of direct on-site dental care.
Limitations
The limitations of the study relate to the generalizability and validity of self-reported measures. First, our data were derived from a convenience sample of HIV-positive patients receiving services through the Ryan White grant program, an indication of low income, who were recruited from HIV primary care clinics in a single large urban area. Therefore, the generalizability of our findings to HIVpositive individuals in rural areas, other urban areas, or other countries may be limited. Nevertheless, although this randomized trial involved a convenience sample, our settings and patients are similar to those in other areas of the United States with high HIV prevalence rates.
Second, use of dental care was measured via self-report, which may have resulted in underreporting or overreporting of services received. The validity of self-reported service use has been shown to vary across different types of services, age groups, and medical conditions. Nevertheless, Gilbert et al. demonstrated good agreement between selfreported use of dental services and dental record information in the preceding 6 months in a study involving a diverse sample of Florida residents. 51 Also, the original ARTAS intervention trial showed that there was a high degree of agreement between medical record reviews and self-reports of linkage to care at 6-and 12-month follow-up assessments. Specifically, medical record reviews showed that 93% and 86% of participants' self-reported HIV care episodes were confirmed with medical record reviews conducted at 6-month and 12-month follow-up assessments, respectively. 39 In addition, there is no reason to believe that the validity of self-reported rates of use were different in the 2 treatment groups.
Conclusions
Despite its limitations, this study offers a brief dental case management intervention approach that can be implemented in HIV care clinics to improve linkages to oral health care services among people living with HIV. In 2004, the American Dental Association advocated the use of "patient outreach efforts and care coordination" as a means of improving oral health accessibility in underserved populations.
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Some pilot studies have evaluated dental case management programs and whether they increase access to dental care in Medicaid-eligible, difficult-to-reach populations. 50, 53 Similarly, the importance of dental case management interventions has been recognized in the HIV field, and in some cases these interventions have been in use for many years (e.g., the Boston, MA, dental ombudsman program) 48, 49, 54 ; however, there have been few (if any) rigorous efforts to evaluate these programs in randomized controlled or quasi-experimental investigations. Patient navigators in HIV care clinics also may help link HIV-positive patients to dental care. Unfortunately, it appears that little attention is given to oral health in HIV care settings. As the Affordable Care Act is fully implemented and the delivery of health care to people with HIV is continually reassessed, there are ongoing opportunities to improve the integration of oral health care and medical care. j
Human Participant Protection
This study was approved by the institutional review boards of the University of Miami and Columbia University. Participants provided written informed consent before taking part in the study. Note. CI = confidence interval; OR = odds ratio. Data were derived from a generalized estimating equations analysis (n = 1200 observations).
